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EXECUTIVE SUMMARY

The use of natural gas, like any flammable fuel,
carries somerisk of fire or explosion. The history
of natural gas use throughout the world has shown
it to be asafe fuel for consumer and industria
applications when buildings, natural gas systems,
and appliances are constructed, installed, and
maintained properly.

Thefiresfollowing the 1906 San Francisco
earthquake are a constant reminder to California
communities of the potential consequences of
post-earthquake fire. The combination of fire
ignitions with conditions amenable to rapid fire
growth and spread can greatly increase the level
of post-earthquake fire damage. Past earthquake
experiencein California provides a basis for
identifying characteristics of post-earthquake fire
ignitions related to natural gas systems and
demonstrates that natural gas is an important
contributor to post-earthquake fire risk.

This report on natural gas safety in earthquakes
was prepared by atask committee formed under
the American Society of Civil Engineers (ASCE)
committee for standard ASCE 25, Earthquake
Actuated Automatic Gas Shutoff Devices. The task
committee, chaired by Commissioner Stan Moy,
was formed in the spring of 2001 with the goal of
providing information to the California Seismic
Safety Commission on the potential benefits and
drawbacks associated with a wide range of
measures to limit post-earthquake fire ignitions
related to natural gas usage. The preparation of
this report isin response to Initiative 8.2.2 of the
Cdlifornia Earthquake Loss Reduction Plan to
“Educate local governments and the public on the
application of gas safety devices such as
automatic shut-off valves.” (SSC Report 02-02)

Members of the task committee were identified to
include a broad range of interested parties,
including state regulatory agencies, local building
officials, fire chiefs, seismic experts, public
interest groups, and gas shutoff device
manufacturers. Recognizing the substantially
different perspectives on natural gas safety in
earthquakes represented by the task committee
members, the task committee agreed to adopt
rules for achieving consensus similar to rules used
to process ASCE standards at its first meeting.

Interim versions of the document were reviewed
and commented on by committee ballot.
Consensus was defined by approval by 75% of the
ballots received and with the requirement that at
least 65% of the committee members submitted
ballots. The task committee met four times and
conducted five ballots between May 2001 and
March 2002.

Several common characteristics of earthquakes
and their impacts on natural gas safety are
identified in this report and summarized below:

1. Earthquake ground shaking will generally
lead to substantially more instances of
building damage than fire ignitions.

2. Ground motions that are sufficient to damage
buildings are most likely to impact utility and
customer gas systems and create a potential
for gas-related fireignitions.

3. Thenumber of post-earthquake fire ignitions
related to natural gas can be expected to be
20% to 50% of the total post-earthquake fire
ignitions.

s

The consequences of post-earthquake fire
ignitionsfor residential gas customers are
largely financial. A fireignition only becomes
alife safety concern when inhabitants are
unable to exit the building following
earthquakes. Experience in past earthquakes
indicates that egress from earthquake-
damaged single-family homesis generally
possible because of the limited structure
height, low numbers of occupants, and
multiple direct escape paths through doors
and windows.

5. The potentia life safety dangers from post-
earthquake fires are considerably more serious
in seismically vulnerable apartment or
condominium buildings since they provide a
greater chance for damaging the structure and
trapping the occupants.

This report identifies many beneficial aternatives
for individuals to improve natural gas safety in
future earthquakes that include improving
appliance integrity and structural integrity and
using gas shutoff devices. Each aternative has



advantages and disadvantages rel ated to the costs
of implementation, level of safety improvement,
and collateral benefits for non-earthquake
emergencies. Because every situation is different,
deciding which alternative will improve safety is
best done on a case-by-case basis.

While this report identifies several community-
based actions to improve gas safety in
earthquakes, these actions need to be considered
as one part of a comprehensive earthquake
preparedness strategy. Determining which
community actions are appropriate for a specific
community requires a specific objective, aclear
understanding of earthquake risks relative to other
risks faced by the community, and potential
drawbacks associated with a particular community
action to improve safety. Determining which
actions are appropriate for a specific community
should be made on a case-by-case basis with a
clear understanding of the potential benefits
associated with the costs of implementing any
measures. The relative rarity of damaging
earthquakes and the uncertainty in quantifying the
likelihood, location, and severity of earthquake
hazards require that earthquake risks be addressed
in a balanced fashion considering other potential
natural and man-made hazards.

While the task committee does not advocate the
adoption of statewide mandates for the installation
of natural gas safety devices, the report provides
several recommendations to the Commission that
can lead to improved natural gas safety:

1. TheCdifornia Seismic Safety Commission
should update its Homeowners' Guide to
Earthquake Safety (SSC Report 97-01) to
reflect the findings of this report and develop
aMulti-unit Residential Owners and
Occupants Guide to Earthquake Safety that
includes a gas safety component.

The Division of the State Architect should
continue its certification program for shake-
actuated and excess flow valves and step up
enforcement by undertaking periodic, random
site investigations of manufacturing facilities
and testing of valvesto ensure certification
compliance.

The California State Fire Marshal should
consider informing local governments that the
potential for loss of lifein fires following
earthquakesislargely limited to older multi-
unit residential buildings and mixed-use
buildings that are prone to collapse and
occupant entrapment The California State Fire
Marshal should consider helping local
governments identify and manage gas-rel ated
fire risks associated with this class of
vulnerable residential buildings.

The California Public Utilities Commission
should continue its regul atory oversight of
investor-owned gas utilitiesto ensure gas
system safety up to the utility point of
delivery to customers.

The Governor’ s Office of Emergency
Services should continue to keep the public
informed about gas and earthquake safety and
update its public information to be consistent
with the recommendations of this report and
the Commission’s Homeowners Guide to
Earthquake Safety.



1.0 INTRODUCTION

The use of natural gas, like any flammable fuel,
carries somerisk of fire or explosion. The history
of natural gas use throughout the world has shown
it to be asafe fuel for consumer and industria
applications when buildings, natural gas systems,
and appliances are constructed, installed, and
maintained properly. However, when potentially
threatening conditions arise—such as an
earthquake capable of damaging the gas system—
gas utilities, gas customers, and government
agencies should consider steps to maintain ahigh
level of safety.

This report provides basic information to enable
individual customers and their communities to
make informed decisions on appropriate
earthquake natural gas safety measures. This
report focuses on natural gas and does not address
special issues that may be related to the use of
other fuel gases such as propane or liquefied
petroleum gases. The audience for this
information is gas customers, local governments,
emergency response agencies, and others
interested in ng earthquake and other
disaster preparedness alternatives and policies.

Thisreport was prepared in response to Initiative
8.22 of the California Earthquake L oss Reduction
Plan, which includes a requirement to “ Educate
local governments and the public on the
application of gas safety devices such as
automatic shutoff valves.” A companion
document has been devel oped to serve the needs
of anon-technical audience.

This report describes the hazards and operational
characterigtics of atypical gas utility system,
along with a summary of recent earthquake
experiencein urban areas of California. Also
addressed are potentia types of earthquake
damage to gas systems and their potential impact
on building owners and surrounding communities.
Finally, several alternatives for improving the
safety of gas systems are described, along with
associ ated benefits and drawbacks.



2.0 EARTHQUAKE HAZARDS

Earthquakes can produce ground shaking and
permanent ground displacements. The severity of
hazards at a particular location depends on the
size of the earthquake, distance from the
earthquake source, and local soil characteristics.

The size of an earthquake is usualy expressedin
term of magnitude. Among several different
magnitude scales, moment magnitude isthe
current standard used to measure of the size of an
earthquake for engineering and risk management
purposes. In this report, magnitude aways refers
to moment magnitude. The moment magnitude
scaleislogarithmic: every unit magnitude
increase denotes afactor of approximately 32 in
earthquake energy released. In California, damage
has been associated with earthquakes having
magnitudes greater than 5.5 t0 6.0. The largest
earthquake to strike an urban areain California
was the 1906 San Francisco earthquake, estimated
to have had a moment magnitude of 7.8.

For engineering and safety analysis purposes, the
level of ground shaking is normally expressed in
terms of acceleration that arigid object located on
the ground surface would experience.
Acceleration is often expressed as a percentage of
gravity, g. Conveniently, earthquake force on the
rigid object—for example, a brick resting on the
ground—can be related to a percentage of the
weight of the object. Thus, a peak horizontal
acceleration of 0.4 g on an object corresponds to a
peak horizontal force of 40% of the weight of the
object. The ground shaking produced by
earthquakes moves in horizonta and vertical
directions. For earthquakesin Californiaand in
other parts of the world, the maximum vertica
shaking is typically about two-thirds of the
maximum horizonta shaking, but may be higher
very close to the earthquake' s source.

The severity of ground shaking in bedrock
decreases or “attenuates’ with increasing distance
from the earthquake' s source. Bedrock motions
pass into the overlying soils and produce the
motions felt at the surface. Depending on the
characteristics of the soil, surface ground motions
can differ from motionsin the bedrock. Thicker
soil deposits with low stiffness generally tend to
amplify bedrock motions. Attenuation and local

soil modifications make it impossible to describe
the severity of ground shaking by referring only to
a specific earthquake magnitude.

Another qualitative measure of ground shaking
used in the United Statesisthe Modified Mercalli
Intensity (MMI) scale. The MMI scale was

devel oped before the widespread availability of
ground motion recording instruments. As shown
in Table 1, it has 12 ranges, normally expressed in
Roman numeralsfrom | to X1 in order of
increasing shaking. The MMI scale generally
relies on individual perceptions of the
consequences of ground shaking. Aswith
acceleration, the MM istypically greatest near
the fault and attenuates with distance from the
epicenter of the earthquake. Significant
earthquake damage is generally associated with
MMI of VII or higher.

Earthquakes can also cause permanent ground
displacement; abrupt surface ground movements
along the fault are perhaps the most striking
examples. Instability caused by the ground
shaking typically causes other types of permanent
ground displacement. Ground settlement,
downslope movement of large areas of soil
(similar to landslides), and sloughing of soil or
rock from steep hillsides are other common types
of permanent ground displacement. Damage from
surface faulting istypically limited to azone
within afew tens of meters from the fault. Other
forms of permanent ground displacement,
especially those associated with landslide-like
movements, can have dimensions of hundreds of
meters.

Advancesin the fields of seismology, geology,
and geotechnical and structural engineering are
continually being made. These advances help
improve the reliable quantification of earthquake
risks and their impacts on structures and the urban
environment as awhole. However, experts are
still uncertain when assessing the level of
earthquake hazard and the associated damage it
may produce. When formulating actionsto
improve individua or public safety, the
uncertainty in earthquake risk should be
considered along with other non-earthquake risks.



MMI  Description
| Not felt except by a very few people under special circumstances.
1] Felt by a few people, especially those on upper floors of buildings. Suspended objects may swing.
I Felt noticeably indoors. Standing automobiles may rock slightly.
\V} Felt by many people indoors, by a few outdoors. At night, some people are awakened. Dishes, doors,
and windows rattle.
vV Felt by nearly everyone. Many people are awakened. Some dishes and windows are broken. Unstable
objects are overturned.
VI Felt by everyone. Many people become frightened and run outdoors. Some heavy furniture is moved.
Some plaster falls
VII Most people are alarmed and run outside. Damage is negligible in buildings of good construction, and
considerable in buildings of poor construction.
VI Damage is slight in specially designed structures, considerable in ordinary buildings, and great in
poorly built structures. Heavy furniture is overturned.
IX Damage is considerable in specially designed buildings. Buildings shift from their foundations and
partly collapse. Underground pipes are broken.
X Some well-built structures are destroyed. Most masonry structures are destroyed. The ground is badly
cracked. Considerable landslides occur.
X] Few, if any masonry structures remain standing. Rails are bent. Broad fissures appear in the ground.
Xl Virtually total destruction. Waves are seen on the ground surface. Objects are thrown in the air.

Table 1. Modified Mercalli Intensity Scale (from FEMA -1997)

In California, significant earthquake damage has
historically been limited to earthquakes with a
magnitude greater than about 5.5 or 6.0 or peak
horizontal ground accel erations above about 0.2
g to 0.4 g. The variation in peak horizontal
ground accelerations that might be experienced
throughout the state is shown in Figure 1, a map
produced by the California Geological Survey
and the U.S. Geologica Survey.

The mapped valuesin Figure 1 have an annual
probability of being exceeded equal to 0.2%,
approximately equivalent to an average return
period of 500 years. Figure 1 indicates that the
greatest potential for damaging earthquakesin
Cdiforniais generdly found in coastal areas and
locations and along a portion of the California-
Nevada border.
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Figure 1. Peak Horizontal Ground Acceleration Hazard for the State of California
(from Perkins et al., 1996)



3.0 UNDERSTANDING THE NATURAL GAS DISTRIBUTION SYSTEM

3.1 Natural Gas Basics

Natural gasisafossil fuel extracted from deep
underground wells. It is a physical mixture of
various gases, typically containing 85 to 95%
methane, 7 to 12% ethane and small amounts of
propane, butane, nitrogen, and carbon dioxide.
The proportions vary from field to field and
sometimes from well to well.

Natural gasis odorless and colorless when it
comes from the wellhead. As a safety measure,
an odorant is added so gas leaks can be detected.
Commonly known as mer captans, the odorant is
ablend of organic chemicals containing sulfur.
The odor of the mercaptans can be detected long
before there is sufficient gasto cause afire,
explosion or asphyxiation.

Unlike propane, natural gasislighter than air.
Natural gastypically has a specific gravity of
0.6, meaning that it weighs about 0.6 times as
much as air. The term specific gravity refersto
the weight of the gas as compared to the weight
of air.

Not all mixtures of gasand air will burn. Some
mixtures have too little gas, while others have so
much gas thereis not enough air left to burn.
The two cutoff points between combustible
mixtures and non-combustible mixtures are
called the Explosive Limits.

* TheLower Explosive Limit (LEL) for
natural gasis approximately 5%. At
concentrations below the LEL, thereis
insufficient gas to cause afire or explosion.

» The Upper Explosive Limit (UEL) for
natural gasis approximately 15%. At
concentrations above the UEL, thereis
insufficient air to cause afire or explosion.

Theideal mixture for combustion of natural gas
is approximately 10% and the ignition point is
1208° F.

3.2 The Gas Delivery System

Gas utilitiesinstall and operate a network of
mostly underground pipelines to deliver natural
gas from the gas well to residential, commercial,
industrial and agricultural customers, as shown
in Figure 2. The pipelines operate at various
pressures throughout the system. They are
compressed higher when entering transmission
pipelines and regulated lower when entering
distribution pipelines and supplying customers.
Depending on the operating pressure, size of the
pipe, year of installation and other factors, pipe
material can be steel, plastic, cast iron or copper.

Natural gasis delivered to a gas distribution
service area or local distribution company viaa
number of metering and/or pressure-regulating
stations along the transmission pipeline. Gasis
supplied to customers through a grid of
distribution pipes, valves, and connections
typically located underground with
telecommunications, electricity, water, sewer,
storm drains and other utilities.

Small-diameter gas service lines connect the gas
distribution pipe to one or more customers a a
gas meter typically installed near the customer’s
facilities. The gas meter assembly has a manual
gas service shutoff valve, a pressure regulator to
reduce pressure from the gas main pipe to
standard delivery pressure, a gas meter to
measure the volume of gas, and a service tee that
allows a utility to bypass other meters without
entering the structure. Customer meters may not
have a pressure regulator if they are fed from a
low-pressure distribution system. The

customer’ s natural gas houseline piping is
attached to the service tee, which istypically
considered the utility point of delivery and
defines the physical boundary between utility
and customer facilities. Typical meter
installations are shown in Figure 3.

Gas utilities routinely conduct surveys for gas
leaks and categorize leaks as Grade 1, Grade 2,
or Grade 3. A Grade 1 leak represents an
exigting or probable hazard and requires
immediate action. A Grade 2 leak is not



hazardous to life or property at the time of
detection but requires scheduled repair. A Grade
3 leak is non-hazardous at the time of detection
and is expected to remain so. For alarge gas
distribution system, several hundred Grade 2 or
Grade 3 leaks may exist at any one time.

PG&E's natural gas system oroe The Systim Waiks
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Figure 2. Natural Gas Delivery System
(provided by Pacific Gas & Electric Company)
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Service Tee
(Utiity/Customer Interface)

a) Typical Residential Meter with Pressure Regulator

b) Multiple Meters —Typical for Multi-Unit Housing

Figure 3. Common Meter Assemblies



3.3 Responsibilities

Natural gas systems are subject to various safety
requirements imposed by federa, state, and local
agencies. Customers are responsible for the safe
use of natural gas at their facilities.

3.3.1 Federal Oversight

The Department of Transportation’s Research and
Special Programs Administration, acting through
the Office of Pipeline Safety, administers the
national regulatory program to assure the safe
transportation of natural gas, petroleum, and other
hazardous materials by pipeline. The National
Transportation Safety Board makes
recommendations to the Office of Pipeline Safety
for changes in pipeline safety regulations. The
Office of Pipeline Safety devel ops regulations and
other approaches to risk management to assure
safety in design, construction, testing, operation,
maintenance, and emergency response of pipeline
facilities.

3.3.2 State Oversight

Gas utility operations and intrastate pipelines are
commonly regulated at the state level by a utility
commission or similar organization. In California,
the California Public Utilities Commission
oversees safety standards and procedures for
electricity, telecommunications, natural gas, rapid
transit systems, light rail transit systems, and
common carrier railroads. The California Public
Utilities Commission actsin both ajudicia and
legislative capacity. In setting rates or standards of
service and general palicy, it may, like a court,
take testimony, issue decisions and orders, cite for
contempt, and subpoena witnesses and records.
Thejurisdiction of state utility commissions, like
the California Public Utilities Commission, is
typically limited to investor-owned utilities and
the portion of the natural gas system up to the
utility delivery point to the customer. Public
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utility commissionsin other states have the same
general function, although the specific scope and
enforcement authority may vary.

Regulation of minimum safety requirements for
customers portions of the natural gas system
occurs through the state adoption of building
codes and other regulations governing the
installation of gaslines and appliancesin
customers’ facilities. In addition, states can
regul ate the certification and performance
requirements of devices sold to consumers (e.g.,
water heater restraints, automatic earthquake
shutoff valves, and excess flow valves).

3.3.3 Local Governments

City and county governments are typically
responsible for ensuring the overall safety of their
communities. Local governments assess safety
needs, identify potential risks to meeting those
needs, and determine alternatives to reduce the
risks. Alternatives often include local guidelines
and ordinances to assure safe construction and
practices. Other equally important alternatives
may focus on reducing the impacts of earthquakes
or other emergencies through rapid response and
recovery measures that are often coordinated with
the private sector, industry, and other local, state,
and federal government agencies. Local
authorities also have aresponsibility to consider
the impacts of earthquakesin urban planning
decisions related to building construction methods
and materials, building density, capacity of fire
protection services, and traffic management.
Finally, local governments are responsible for
informing their communities of potential
earthquake risks and actions the local population
is expected to follow to reduce or manage those
risks.



3.3.4 Natural Gas Utility

The natural gas utility isresponsible for
designing, constructing, maintaining, and
operating the natural gas system safely and
efficiently. Thisincludes all the facilities used in
the delivery of gasto any customer up to and
including the point of delivery to the customers
gas piping system. Utilities meet this
responsibility through compliance with existing
regulations, coordinating their emergency
planning with local governments, and
incorporating earthquake-resistant design
considerations into their maintenance activities
and new construction.

11

3.3.5 Customer

Customers are responsible for using gas safely on
their property and within their buildings and other
facilities. Customers meet this responsibility by
maintaining their gas appliances in good working
condition, assuring that only qualified individuas
are engaged to modify or maintain their gas
service and facility piping, and knowing what to
do before and after earthquakes to maintain the
safe operation of their natural gas service.



4.0 NATURAL GAS PERFORMANCE IN PAST EARTHQUAKES

Natural gas utilities and other researchers now
collect information on gas system performance
following each mgjor earthquake. Experience
from recent earthquakesin Californiais
particularly useful in examining the performance
of natural gas systems designed and operated
according to typical practicesin the United States.
The development and implementation of
earthquake preparedness plans by local
governments and public education can reduce
post-earthquake fire damage.

Thisreport addresses the role of natural gasin the
total number of fires, the primary causes of gas-
related fires, and the required service restoration
efforts. Given agood basis of understanding of
the relative number of natural gas fires and their
associated causes, alternatives can be assessed to
improve natural gas safety. However, itis
important to distinguish fire ignitions from
general fire damage. Any fire has an initia
ignition that can come from any source. The size
of the fire and the damage it causes is highly
variable and depends on a multitude of factors.
These factors can lead to asingle ignition causing
afirethat destroys an entire city block, or afire
that is quickly extinguished without fire
department assistance.

Historic earthquakes may not be representative of
current types of buildings, appliances, natural gas
systems, water delivery systems, transportation
systems, population densities, emergency
services, socia impacts and other factors
associated with future earthquakes. Similarly,
drawing meaningful conclusions about natural gas
safety from earthquakesin other parts of the world
is often tenuous; significant differences exist in
the pipeline materials, operating pressures, types
of gas appliances, and building construction used
outside of the United States. Nevertheless, lessons
can beinferred from historic and recent foreign
earthquakes. These lessons inform our
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understanding of the role natural gas can be
expected to play in fireignitionsin the future.

Some caution is necessary when extrapolating
information from past earthquakes. Nearly every
major earthquake in California has demonstrated
some seismologic characteristic that was
previoudy unknown or considered insignificant.
Similarly, future earthquakes may produce
guantities and types of infrastructure damage not
previoudy observed. In particular, the number of
fire ignitions experienced in past earthquakes may
not be areliable indicator of future ignitions
because of the complex relationship between such
variables as ground shaking severity, time of day,
and damage sustained by the infrastructure. The
following conditions, when combined, pose the
greatest risk for severe post-earthquake fire
damage:

1. Buildings are unoccupied and individuals are
not present to mitigate damage to gas systems
or control small fires.

2. High building density or dense, fire-prone
vegetation.

3. Highwind and low humidity weather
conditions.

4. Damage to water systems that severely limits
firefighting capabilities.

5. Reduced responsiveness of firefighting

resulting from impaired communications,
numerous requests for assistance, direct
damage to fire stations, restricted access
because of traffic congestion and damaged
roadways, and delays in mutual aid from
neighboring fire districts.

It is unlikely that more than one of these
conditions will be present when earthquakes
occur.

The following summaries of natural gas
performance in past earthquakes are based on
published reports (see Section 11.0).



4.1 1906 San Francisco Earthquake

The 1906 San Francisco earthquake was a pivotal
event in highlighting the devastation of post-
earthquake fire. However, it isnot included in the
following discussions of earthquake ignition
statistics because of the lack of detailed
information on the specific causes of the 1906
fires. Also, thereliance on oil and gasin 1906 is
not relevant when estimating potential fire
ignition hazards in future earthquakes. Even so,
several observations from the 1906 earthquake
related to the risk of residential buildings and
actions taken to reduce fire risk are comparable to
experiencein other earthquakes.

The 1906 earthquake occurred on April 18 at 5:13
AM and lasted 65 seconds, rupturing the San
Andreas fault over 180 miles and creating a zone
of destruction up to 50 miles wide along this
length. The magnitude of the earthquake is
estimated to have been 7.8. Sixteen fire dlarms
were reported in widely separated localities within
the City of San Francisco. The primary sources of
ignition were the upsetting of oil lamps and oil
and gas stoves, contact of flames from lamps and
gas jets with combustible material, rupturing of
chimneys and flues, and upsetting of boilers and
furnaces.

Many breaksin the city’ s water distribution mains
and conduits occurred due to settlement of soft
soils caused by shaking. In addition, major
pipelines supplying the city from reservoirs to the
south were broken at fault crossings and at soft
soils and marshes, rendering the water system
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inoperable. Fire experts at the time surmised that
even if their water supply had not failed, the fire
department could not have efficiently handled so
many fires at once.

Individuals quickly extinguished many fires that
started in residential buildings, but because of the
early hour, firesthat started in downtown
buildings grew to alarming proportions before
anyone could reach them. Within three hours, nine
fireswerein full conflagration. Winds increased
over the next three days, spreading the fires
westward.

The ensuing fires, and not the direct effects of
ground shaking, caused the greatest |0ss,
estimated at 85 to 90% of the $524 millionin
damage in 1906 dollars (approximately $18
billion in 2002 dollars). Fires covering 2,593 acres
(4.05 square miles) comprised 490 city blocks and
32 partial blocks and caused hundreds of
casualties. San Francisco’ s fire affected more than
ten times the area of afire caused by a magnitude
6.9 earthquake in Hyogo-Ken Nanbu, Japan on
January 17, 1995.

San Francisco had a history of previousfire losses
that was two to three times greater than that of
comparable cities. In 1905, the National Board of
Fire Underwriters warned that that the potential
for conflagration in San Francisco was “very
severe” sinceit had “excessively large areas, great
heights, numerous unprotected openingsin
buildings, a general absence of fire breaks, and
highly combustible buildings.”



4.2

January 17, 1994, Northridge, California Earthquake

Occurring on January 17, 1994, at 4:31 AM, the
Northridge, California, earthquake had a moment
magnitude of 6.7. The epicenter was located in the
city of Reseda, near the center of the San
Fernando Valley. Data on MMI shaking intensity
were recorded by local postmasters and processed
by the US Geological Survey. The earthquake
resulted in the total loss of electric power to the
City of Los Angeles and adjacent areas.

The region affected by strong ground motion in
the Northridge earthquake encompassed a variety
of building types and building ages. Residential
buildings comprised approximately 93% of the
building stock in Los Angeles County. Post-
earthquake damage surveys were able to correlate
high concentrations of structural damage and the
location of pre-1920 structures built without
modern seismic design considerations.

Southern California Gas Company is the gas
service provider in the region severely affected by
the earthquake. In its gasincident report to the
Office of Pipeline Safety one month following the
earthquake, Southern California Gas Company
noted it had received more than 276,000 disaster-
related ordersin the days following the
earthquake. Damage to the gas piping system
included 35 failures on older transmission lines,
123 failures of steel distribution mains, and 117
failuresin servicelines. An additional 394
corrosion leaks were identified during leak
surveys following the earthquake.

Thetotal number of customersleft without service
immediately after the main shock and subsequent
aftershocks exceeded 150,000, with
approximately 133,000 of the service interruptions
initiated by customers as a precautionary measure.
Approximately 15,000 of the interrupted services
were found to have leaks of unspecified severity
when service was restored.

More than 3,400 employees, 420 provided by
other California gas utilities as part of mutual
assistance agreements, were mobilized to restore
gas service. Service was restored to approximately
120,000 customers within 12 days. Approximately
9,000 customers remained without service one
month after the earthquake because of building
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damage or an inability to access the customer’s
building or facility.

Table 2 summarizes the distribution of
earthquake-related fire ignitions and the response
by various fire departments within the first 24
hours following the earthquake. The totalsin
Table 2 are taken from the most recent published
report on the Northridge earthquake fire ignitions.
The number and distribution of fireignitions
differ slightly among investigators, but the
combined total of 110 earthquake-related fire
ignitionsis representative of the range of 85 to
120 reported by other invegtigators.

The City of Los Angeles, which includes the San
Fernando Valley, sustained 77 of the 110
earthquake-related fire ignitions on the day of the
earthquake. Fifty-five of these occurred in
residential structures: 35 in one- or two-family
residences and 20 in multi-family residences. A
total of eight fireignitions occurred in schools,
offices, or commercia properties. Preliminary
statistics on fire ignition response by the Los
Angeles Fire Department indicate that 13 fire
ignitions had a natura gas appliance as the source
of heat ignition. The Los Angeles Fire Department
conducted a separate investigation within afew
months following the Northridge earthquake, and
identified 38 incidents where natural gas may
have contributed to the fire ignition. Of these, 27
were in single- or multi-family residences and 22
involved gas appliances with water heater
damage, accounting for 16 fire ignitions.

The Northridge earthquake is the only earthquake
in the United States for which adequate detailed
data exists on fire ignitions, building damage, and
appliance damage. Information on the
performance of appliancesin general can be
inferred from data available for approximately
75% of the damage claims processed by the
Federal Emergency Management Agency. More
than 400,000 claims were made for water heater
damage and more than 700,000 claims were made
for al gas appliance damage (e.g., water heaters,
stoves, furnaces, ranges, and dryers). Claims
ranged from repairs of minor damage to
replacement with no information available on the
type of damage.



Fire Department

Earthquake Fire
Ignitions

Gas-Related
Earthquake Fire

Ignitions
Beverly Hills 0 0
Burbank 0 0
City of Los Angeles 77 38
Costa Mesa 0 0
Covina 1 0
Glendale 0 0
El Monte 1 0
Fillmore 2 1
Glendale 0 0
Inglewood 1 0
Long Beach 1 0
Newport Beach 0 0
Pasadena 1 ?
Santa Monica 10 6
Santa Paula 0 0
South Pasadena 0 0
Los Angeles County 15 6
Ventura County 10 3
TOTAL 110 54

Table 2. Northridge Earthquake Fire Statistics for Structures on January 17, 1994

Multiple claims could have been submitted by a
single property owner for damage to multiple
appliances. Assuming that only 125,000 (25%) of
the claims represent damage that could have
resulted in a gas-related fire ignition, the rate of
occurrence of fireignition, given damage to the
gas appliance in the Northridge earthquake, was
lessthan 1 in 3,000.

Gas-related fire ignition can be compared to
building damage by comparing the percentage of
damage that occurred within areas experiencing
MMI VIII or greater. Based on the description of
damage associated with MMI and observationsin
past earthquakes, an MMI of VIII or greater is
considered to be the threshold for significant
building damage. Assuming that fire ignitions are
restricted to a high MM overestimates the
resulting rate of occurrence of fireignition
compared to building damage. Based on statistics
for the Los Angeles Fire Department, the vast
majority of gas-related fireignitions occurred in
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wood-frame residential structures. More than
225,000 wood-frame structures were exposed to
ground shaking of MMI V111 or greater
(OES/EQE, 1995). In loss estimation studies
following the earthquake, buildings suffering
more than 65% damage from the earthquake were
considered near total losses. Buildings with more
than 65% damage in areas experiencing MMI VI1II
or greater leadsto a 0.45% chance (1 in 220) that
awood-frame structure would be damaged
beyond repair in the Northridge earthquake.

Using the same building popul ation and assuming
that 50% to 90% of these structures had natural
gas service, the average rate of occurrence of gas-
related fireignition for any individual structure in
the Northridge earthquake is estimated to have
been 0.024% to 0.044%, or roughly 1 to 2 chances
in 4,500. Thus, the rate of occurrence of agas-
related fireignition was approximately 10% of the
rate of occurrence of sustaining significant
structural damage.



4.3 October 17, 1989, Loma Prieta, California Earthquake

The Loma Prieta earthquake occurred on October
17,1989 at 5:04 PM, approximately 97 kilometers
(60 miles) south of San Francisco with a moment
magnitude of 7.2. The earthquake severely
damaged approximately 900 homes near the
source and in the San Francisco Bay area. The
damage in the Bay arearesulted from
amplification of the ground motions at the surface
by soft soils and liquefaction of soils associated
with land reclamation projects, some dating back
to the 1800s.

More than 60 lives were lost, most in the collapse
of the upper deck of the [-880 Cypress Street
viaduct. Near the epicenter, the communities of
Los Gatos, Santa Cruz, Hollister, and Watsonville
suffered significant damage. The Marina District
of San Francisco and areas near the waterfront in
Oakland and Alameda also were damaged. The
earthquake caused electric power loss for much of
the northern San Francisco Peninsula.

Pacific Gas and Electric Company provides
natural gas and electric service to the affected
regions. Three service areas were isolated from
therest of the system due to considerable
earthquake damage. Sail failurein the Marina
District of San Francisco severely damaged the
old cast-iron and steel low-pressure gas
distribution system. The gas distribution systemin
the immediate area was isolated, affecting
approximately 5,100 Marina District customers.
Near the epicenter, the low-pressure gas
distribution systems in the cities of Los Gatos and

Watsonville were isolated, affecting 306
customers.

Approximately 160,000 gas customers were
without gas service following the earthquake,
mostly due to customers shutting off their own
service in response to media safety
announcements immediately after the earthquake.
Over aperiod of nine days, personnel from Pacific
Gas and Electric Company and six neighboring
utilities and contract plumbers restored service to
more than 156,000 individual customers. From
these teams, an average of 1,000 personnel
worked during five of the days.

During the two weeks following the earthquake,
1,094 leaks were identified in the utility gas
system, and 601 were classified as Grade 1, or
potentially hazardous to life or property.
Approximately 510 (85%) of the Grade 1 leaks
occurred on service piping to buildings.
Approximately one-third of these exhibited
exigting factors (third-party damage, corrosion,
material failure, or construction defects) that,
combined with the earthquake effects, accelerated
the leaks. Not surprisingly, the locations of high
concentrations of gas system repairs were found
to coincide with locations of high building
damage.

Although the earthquake caused fire ignitions near
the earthquake source, San Francisco suffered the
greatest number of post-earthquake fire ignitions.
A summary of thefire statistics for the Loma
Prieta earthquake is shown in Table 3.

Earthquake Fire

Ignitions

San Francisco (Oct. 17-19)

31

Berkeley

Santa Cruz County

20

Watsonville

Santa Clara County

Nisene Marks State Park

Table 3. Summary of Fires in the Loma Prieta Earthquake
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The cause for the fire ignitions in San Francisco natural gas could have been afactor in 34% of the
(asidentified in the fire incident reports) is shown fireignitions, while electricity could have been a
in Table 4. Assuming equal likelihood for gas or factor in 56%.

electricity as a cause for “stove” and “unknown,”

Cause Number % of Total
Electrical Wiring 6 19
Electrical Equipment 8 26
Stove (gas or electric) 9 29
Water Heater 1

Other Gas Appliance 2

Gas Explosion 1

Miscellaneous 4 13
Unknown 1 3

Table 4. Causes of Fire Ignitions in San Francisco from the Loma Prieta Earthquake
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4.4  October 1, 1987, Whittier, California Earthquake

The Whittier Narrows earthquake occurred on the
morning of October 1, 1987, with a magnitude of
5.9, followed by an aftershock of 5.3 on October
4. Approximately 10,000 residential and
commercial structures were damaged, including
123 single-family homes that were damaged
beyond repair and another 513 that suffered major
damage. Southern California Gas Company
operates the natural gas distribution systemin the
region. Approximately 20,600 customer callsfor
service restoration were received, of which about
16,500 were the result of customers shutting off
their own gas service in response to media safety
announcements immediately following the
earthquake. Service was restored within 10 days
by Southern California Gas Company personnel
working 10-hour days.

The high-pressure gas transmission system
suffered no damage. The distribution system was
found to have 22 leaks with corrosion afactor in
all but one case. Approximately 5,900 leaks were
found following the earthquake, approximately
2,000 of which were attributed to the earthquake.
Approximately 75% of the damage was related to
connections to gas appliances that had shifted

during the earthquake. Approximately 300 leaks
occurred in service lines between the distribution
mains and customer meters.

Investigations following the Whittier Narrows
earthquake provide some unique information on
the effects of a moderate earthquake in an urban
area. The area affected by the Whittier Narrows
earthquake is under the jurisdiction of the Los
Angeles Fire Department. The day of the
earthquake, the L os Angeles Fire Department
responded to 1,185 incidents, compared to adaily
average of 750 responses. However, 475 of these
were reported between 7:42 AM and 11:00 AM
on the morning of the earthquake. Of the 1,185
incidents, 155 involved fire and 61 werein
response to a structural fire. Six fireignitions
were attributed to the earthquake on October 1,
1987—three involving natural gas and three
involving ignitions by electric equipment.

The distribution of damage for 1,920 repairsis
summarized in Table 5 and is based on data
collected by Southern California Gas Company
following the Whittier earthquake.

Damage Number '(I)'/z)toafl
Appliance: Vent 40 2
Appliance: Miscellaneous 134 7
Appliance Connector: Range 90 5
Appliance Connector: Water Heater 385 20
Appliance Connector: Furnace 127
Appliance Connector: Dryer 46
Appliance Connector: Miscellaneous 97
Piping: Meter Set Assembly 376 20
Piping: Houseline 505 26
Piping: Yardline 120 6
TOTAL 1,920

Table 5. Summary of Repairs by Southern California Gas Company
Following the Whittier Narrows Earthquake



4.5
Fires in Other Earthquakes

Rate of Occurrence of Gas-related

Table 6 summarizes fire statistics from previous
earthquakes and othersin the United States over
the past four decades. The data indicate that
natural gas contributes to 20% to 50% of all
earthquake-related fire ignitions.

. Earth.quake Gas-related
Earthquake Magnitude Fire Fire Ignitions
Ignitions
1964 Alaska 9.2 4-7 0
1965 Puget Sound 6.7 1 ’
1971 San Fernando 6.6 109 15
1983 Coalinga 6.2 1-4
1984 Morgan Hill 6.2 3-6
1986 Palm Springs 6.2 3
1987 Whittier 5.9 6
1989 Loma Prieta 7.2 67 16
1994 Northridge 6.7 97 54
1995 Kobe 6.9 205 36

Table 6. Summary of Building Fire Ignitions for Recent Earthquakes

It is often difficult to draw meaningful
conclusions from earthquakes that occur outside
the United States. One recent example isthe 1995
earthquake in Kobe, Japan, which had a
magnitude similar to the 1994 Northridge
earthquake but caused substantially more fire
damage.

The differenceis partially due to variationsin the
density and quality of buildingsin Japan. The
population exposed to ground shaking
corresponding to MMI V111 or greater was 67%
greater in Kobe (2 million versus 1.2 million),
although the physical areawas about half that
affected by the Northridge earthquake. The
population density in areas of MMI VI or greater
in Kobe was more than 30 times that of the
Northridge earthquake (approximately 50,000
versus 1,500 persons per square kilometer). This
congestion, typified by closely spaced buildings,
many with little earthquake resistance, is built
along very narrow streets. Few, if any, locations
in the United States have comparable population
densitiesto the hardest struck areas of the Kobe
earthquake.
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Another area of difficulty isthe difference in the
natural gas system and the use of natural gas. The
natural gas distribution system in Kobe operates at
higher pressures than those commonly used in the
United States, which increases the amount of gas
that can leak if the piping is damaged. The gas
distribution system in Kobe also contained alarge
amount of older pipe (e.g., bare steel, cast iron,
threaded connections) that has proven vulnerable
to earthquake damage; these types of piping are
virtually non-existent in California. Finally, the
common practice in Japan of using room heaters
and cooking appliances with exposed flames
offers many more potential sources of ignition.

The combination of an urban setting not generally
representative of the United States and differences
in the natural gas system resultsin very little
direct application of the lessons|earned in the

K obe earthquake to United States practice.

Similar issues arise with most other earthquakes
outside of the United States, particularly inless-
developed countries.



4.6

Summary of Earthquake Experience

The three most recent California earthquakes to
strike in or near an urban region serve as
examples of what might be expected in future
earthquakes in the United States. Ground motions
sufficient to damage buildings are most likely to
impact utility and customer gas systems and
create the potential for gas-related fire ignitions.
Although people are advised in an emergency to
shut off their gas service only when they observe
or suspect gas appliance or structural damage, or
can hear or smell leaking gas, most customers
shut off their gas as a precaution, which increases
service restoration calls. Gas restoration efforts
following major earthquakes require massive

mobilization of properly trained service personnel.
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Natural gas aso may be a contributor to the post-
earthquake fire risk. The number of fireignitions
caused by earthquakes will be an order of
magnitude less than the number of buildings
damaged to the point of total loss or near collapse.
The total number of fireignitionsin future
earthquakes may be larger or smaller than in past
earthquakes. However, gas-related fire ignitions
can be expected to be 20% to 50% of all post-
earthquake fire ignitions. While an earthquake
may produce numerous leaks in the customer’s
gas system, the potential for fireignition from
natural gas will be low compared to the number of
leaks.



5.0 How EARTHQUAKES DAMAGE GAS SYSTEMS

The most common earthquake damage to gas
systems results from damage to the buildingsin
which the gas system is placed and the equipment
to which gas lines are connected. Earthquakes can
produce ground displacements that can also
damage natural gas systems directly. Common
modes of damage for both are described below.

5.1 Damage to Customer Gas
Systems from Poor Performance
of Equipment, Buildings, and

Other Structures

The most important factor contributing to
earthquake damage to customer gas systemsis
poor performance of buildings, other structures,
and gas-fired equipment. As demonstrated by
recent earthquake experience, shifting or toppling
of gas appliances such as water heaters, boilers,
furnaces, dryers and stovesisthe principal cause
of most gas-related, post-earthquake fire ignitions
(71% in the Northridge earthquake).

In most residential and commercial installations,
gas appliances are supplied with natural gas using
small- diameter threaded steel pipe (houseline)
that attaches directly to the appliance or by a short
length of stainless steel flexible tubing. Although
the flexible tubing connection can accommodate
modest appliance movement, both the connections
and the tubing are susceptible to damage during
large earthquake movements.

In some cases, building codes require water
heaters to be supported above the floor. This
support is commonly provided by a wood-frame
structure with gypsum board covering the sides
and a plywood top. If not designed and
constructed properly, these support frames can
shift or fail under earthquake loads. Elevated
supports are typical in garages or other locations
where flammable vapors like gasoline may be
present near the floor.

Other typical modes of damage are related to
earthquake damage of a structure with natural gas
service. The potential for damage to interior gas
piping (houseline) arises when there is a partial
collapse of interior walls and partitions and large
lateral deformation of the structural frame. Many
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older residential structures may be inadequately
anchored to their foundations or have a cripple
wall or other weak structural e ement between the
foundation and the building frame. Sliding of the
building or collapse of the cripple wall can
damage the gas lines and meters, usualy at the
location where gas service enters the building.
Mobile homes supported on jack stands with no
lateral bracing are particularly vulnerable. Several
significant firesin the Northridge earthquake
occurred when unbraced mobile homes fell off
their jack stands onto their gas meters, severing
the piping connected to the meter.

Gas meters are also susceptible to indirect
earthquake damage caused by debrisfalling from
customer facilities. Potentia sources of impact
include unreinforced masonry chimneys or
facades, falling masonry from damaged walls,
falling parapets and other architectural features,
and falling blocks used to construct residential
fences. These modes of damage are less
frequently observed and pose alesser risk because
they lead to release and dispersion of gasto the
atmosphere.

5.2 Damage to Utility Gas Systems

The utility portion of the natural gas distribution
system consists of the buried piping network and
limited aboveground facilities for monitoring and
controlling gas flow in the network. Primarily,
earthquakes damage the utility portion through
permanent ground displacements such as surface
faulting, landslide-like movements, and soil
failure produced by strong ground shaking.

To withstand the effects of permanent ground
displacement, buried pipelines must either have
the ability to move with the ground or sufficient
strength to force the ground to move around the
pipe. Older pipelines are much more susceptible
to damage from permanent ground displacement
because of weaknesses from corrosion, outdated
construction methods or less sturdy materias. The
response of buried pipelines depends on a number
of factors, including pipelinejoint strength, wall
thickness, diameter, material properties, soil
strength, and the amount and variation of ground



displacement associated with the earthquake
hazard.

Ground shaking is hazardous to aboveground

components of the natural gas distribution system,

which typically include gas measurement and
pressure regulation facilities. Damage to
aboveground components of the natural gas
system is rare because of the ruggedness typicaly
incorporated into their construction.

Ground shaking has & so been associated with
some damage to buried pipelines. Although the
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precise mechanism of the damage is not well
understood, it is generally believed that soil
constraints on a buried pipeline force the pipeline
to experience the same ground deformations
associated with ground shaking. Damage from
ground shaking is a concern for older pipelines
that may have been weakened by corrosion, prior
damage, or mechanical failures, or were
constructed using outdated methods or materials.
Pipelines most susceptible to damage from ground
shaking include cast iron, aging bare stedl pipe,
and pipe with threaded connections.



6.0 CONSEQUENCES OF EARTHQUAKE DAMAGE TO THE NATURAL

GAS SYSTEM

Damage to natura gas systems has severd
consequences for individuals and the community
at large.

6.1 Gas Leakage

Damage to natural gas systems can cause gas
leaks within customer facilities. The amount of
|eakage depends on the severity of damage and
the operating pressure of the gas system. In many
cases for residential appliances, damage may
include partial or complete fracture of threaded
pipe connections, flexible tubing, pipe fittings, or
damage to vent piping. The displacement of
unanchored gas equipment or gas equipment
without a strong foundation or footing can be
large enough to sever or damage the gas supply
line to the equipment or damage the equipment
itself. The absence of aflexible connection
between the gas supply line and unsecured
equipment increases the likelihood of damage
from equipment movements.

6.2 Interruption in Natural Gas
Service

The most common consequence of earthquake
damage to the natural gas systemsisinterruption
in service. Despite the fact that public service
announcements consistently advise customersto

shut off service only if they smell gas, hear gas
escaping, see abroken gasline, or observe
structural damage to the building, customers
continue to cut off their gas as a precaution.

Other causes are actions taken by the natural gas

utility, which can include shutting off gas service
to structures that have been severely damaged by

an earthquake and shutting in portions of the gas

distribution system where significant damage has
occurred.

Customer outages and restoration times for three
recent California earthquakes are summarized in
Table 7. Variation in restoration timeis afunction
of the number of outages, the size of the service
area experiencing service interruption, the
quantity of personnel and equipment mobilized to
restore service, and logistical difficulties caused
by other earthquake damage such as road closures.
For example, utility personnel restored service
following the Whittier earthquake, while
personnel from other utilities and private
contractors were employed to restore service
following the Northridge and Loma Prieta
earthquakes. Based on experience from these two
earthquakes, the maximum level of service
restoration for an earthquake producing 100,000
customer outages or more can vary between
10,000 and 20,000 restorations per day.

Earthquake Number of Restoration
Customer Time
Outages*
Northridge 120,000 12 days
Loma Prieta 156,355 9 days
Whittier 20,600 10 days

*Does not include customers affected by the additional time needed

to reconstruct gas distribution facilities or structures

Table 7. Service Restoration Times for Three Recent California Earthquakes



6.3 Business Interruption

Loss of natural gas service can close businesses
or significantly increase the period of
interruption to office buildings, restaurants,
manufacturing plants and other facilities. This
interruption may lead to the closure of some
businesses that provide much-needed services or
supplies to emergency response teams. Extended
interruptions can result in lost jobs and reduced
business tax revenue. However, business
interruption can be mitigated in buildings where
maintenance and operations resources are
available. Large commercial and light industrial
businesses often have full-time maintenance
personne qualified to inspect customer gas
systems and restore gas service.

6.4 Emergency Shelter and

Temporary Housing

Following major earthquakes, building damage
will likely force people to move into emergency
shelters or hotels and apartments outside the area
of high earthquake damage. L oss of natural gas
service may increase the number of persons
requiring temporary shelter because of the lack
of fuel for heating and cooking.

6.5 Safety Risks of Earthquake
Damage to the Natural Gas System

There are two primary risksto public safety
from damage to a natural gas system sufficient
to cause release of natural gas. If the leakageis
sufficient to create a flammable air-gas mixture
and an ignition source is present, thereisarisk
of fire, or, inrare cases, explosion. Thelife
safety risks from a gas-related fire are greatest if
afireisinitiated in a damaged or collapsed
building that has not been evacuated. Another
potential life safety risk can result if gas service
is restored improperly in the presence of gas
leaks that are not first detected and repaired.
Improper service restoration may also fail to
correct inadequate venting conditions that might
lead to the accumulation of carbon monoxidein
astructure.
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6.5.1 Fire

Therisk of agas-related firein residentia
structures following earthquakes is generaly
very low because of the numerous conditions
necessary for gasignition (see, for example,
Williamson and Groner, 2000).

Theignition of leaking gas requires an ignitable
mixture of gas and oxygen between the
approximate range of lower (5%) and upper
(15%) explosive limits and an ignition source.
This can occur in the presence of apilot light or
when alight switch isturned on or off. For
natural gasthat islighter than air and tends to
disperse, the rate of gas leakage capable of
igniting is related to the air exchange rate in the
area of the leak. The likelihood of ignitionis
higher in conditions where poor air mixing
allows formation of pockets of higher
concentrations of gas.

Based on areview of the causes of fireignitions
in recent earthquakes, the following points
summarize fire ignition scenarios involving gas
or electric service. These scenarios incorporate
the necessary presence of afuel source and an
ignition source.

* The earthquake interrupts electrical service to
astructure and an el ectric-powered deviceis
displaced or damaged and comes into contact
with aquantity of fuel. When electric power
is restored to the building, the device causes
the flammabl e fuel to ignite. Example: A
high-intensity light falling onto a
polyurethane mattress.

* A hot water heater or other applianceis
overturned or moved, rupturing the gas
houseline or appliance connector, and the
released gasisignited by aflame or spark.

* A gaspipeinabuilding is broken dueto
building damage and the released gas ignites.

» A gaspipeinabuilding isbroken and an
electric spark from damaged electrical wiring
is present, igniting the released gas.

» Bottlesand/or open cans of flammable
liquids are thrown to the floor by the
earthquake, and an open gas flame or an
electric spark ignites the vapors from the
spilled liquid.



e Cooking oils and other kitchen fuels are
spilled during the earthquake, and either
electrical or gas-based cooking equipment
ignites them.

» An open flame from a candle or Bunsen
burner contacts a quantity of fuel.

e Arcing from crossed wires or transformer
damage ignites brush near a structure.

* A personignites afire by arson or by turning
on light switches in the presence of a gaseous
fuel.

Life safety consegquences from post-earthquake
fires depend on the ability of individualsto
evacuate buildings following earthquakes.
Building layouts differ as to whether occupants
must use shared paths of emergency egress or by
adirect, unshared route. In multi-unit
occupancies (R-1 occupancies), common paths
of egress and limited means of escape make it
more likely that persons can be trapped after
earthquakes. The greater the number of
occupantsin a building, the greater isthe
likelihood they will be trapped in an emergency.
Damage to exterior doors of apartment and
condominium units often prevent occupants
from exiting safely. In buildings of more than
two or three stories, the escape paths usually
include enclosed stairways whose doors can be
jammed by the racking deflections of the
doorframes caused by the earthquake.
Frequently, the elevatorsin these buildings are
also unusable. Some older buildings may have
exterior fire escapes, but they may not be well
attached after earthquakes. Single-family
residential units (R-3 occupancies), on the other
hand, cannot, by code, be more than three stories
high, and their windows are usually constructed
in such away that they can serve as secondary
exits. More and easier pathways exist for escape
in R-3 occupancies than in R-1 occupancies. In
addition, if the R-3 structure is properly tied to
itsfoundation, it islesslikely to lose its means
of escape than the larger and more complex R-1
structures.
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6.5.2 Improper Restoration of Gas
Service

Qualified individuals with the necessary
knowledge and experience should restore gas
service. As defined by ASCE 25-97, a
“Qualified Person” is“Any individual, firm,
corporation, or company that is experienced in
such work and is familiar with all precautions
required based on manufacturer’ sinstructions,
local codes, and the authority having
jurisdiction.” The process of restoring gas
service to customers following earthquakes is
the same regardless of whether conditions
existed to warrant shutting off the service in the
first place. A qualified person should check gas
houselines, appliance connectors and appliances
for leaks, and inspect gas equipment, vents and
flues to identify damage or obstructions that
could lead to fires or the accumulation of
dangerous carbon monoxide fumes. These
inspections by a quaified gas utility service
technician or certified plumber require access to
the customer’ s building or facility.

Post-earthquake restoration of gas service by
non-qualified personnel increases the potential
risk of injury or death from the accumulation
and ignition of unidentified gas leaks and carbon
monoxide in damaged gas appliance vents.
Lengthy service interruptions may lead to non-
gualified personnel re-establishing service
without taking the necessary precautions.



7.0 OPTIONS TO REDUCE INCIDENCES OF FIRES AND SERVICE
DISRUPTIONS FOLLOWING EARTHQUAKES

Many individuals and community leaders perceive
the primary risk of post-earthquake firesisrelated
to damage to the natural gas system. As indicated
in the previous summary, this perception does not
agree with actual experiencein recent
earthquakes. However, the role of gasin post-
earthquake fire is important and does deserve
attention. The most devastating damage from an
earthquake is conflagrations, or uncontrolled,
rapidly spreading fires, particularly in an urban
center with high building density. Damage to the
natural gas system is only one potentia source of
post-earthquake fires and is often not the primary
contributor. Some of the greatest historical firesin
the United States were caused by human actions
combined with adverse weather conditions and
inadequate firefighting resources. Past experience
has |led to improvements in modern city
firefighting capabilities and fire safety regulations.
Thelow likelihood of the occurrence of a
damaging earthquake with concurrent adverse
meteorological conditions may also partly explain
why post-earthquake fire has not been a
significant factor in the United States since the
1906 San Francisco earthquake. Nevertheless, the
potential for conflagrations following earthquakes
existsif a specific set of adverse conditions are

Several options are available to improve the
earthquake performance of natural gas systems
and increase public safety. Individual customers
are often more concerned about protecting their
property and the safety of those on their property.
Government considerations may include
protecting the community at large and maintaining
alevel of commerce necessary to meet the needs
of the community while balancing investment in
earthquake risk reduction with the other
community needs.

Many beneficial aternatives exist to improve the
safety of natural gas systems in earthquakes.
These include improving appliance integrity and
structural integrity and using gas flow limiting
devices. Each dternative has advantages and
disadvantages related to implementation costs,
level of safety improvement, and collateral
benefits for non-earthquake emergencies (see
Table 8). Because every situation is different,
deciding which alternative will improve safety is
best done on a case-by-case basis. The use of any
ohe measure may or may not achieve the desired
level of safety. In some cases, professional
assistance may be required to determine what
seismic safety measures offer the best protection.

present (see Section 4.0).
RESULTS AND/OR BENEFITS
Reduce
Human action Reduce Reduce Redlce
. chance Reduce chance of
required to chance of of gas release as-
ALTERNATIVE! make situation [Sunnecessary [ building 9 9
line of gas related
safe gas shutoff  structural break ianition
damage 9
Manual Shutoff Valve and Yes
Wrench
Methane Detector Yes
Appliance Bracing or No
Reinforcement
Excess Flow Valve No
Seismic Actuated Valve No
Structural Improvements2 No

1. More information on various alternatives is provided in Section 9.0.
2. Refer to the Homeowner's Guide to Earthquake Safety for discussion of structural improvements.

Table 8. Comparison of Alternatives to Improve Gas Safety in Earthquakes



7.1

Restraining Appliances Against Earthquake Forces

As recent earthquakes have demonstrated,
significant improvements in natural gas safety can
be achieved by preventing gas equipment from
moving during ground shaking. In residentia
buildings, the greatest risk of damage is from the
movement of appliances and appliance
connectors, especialy water heaters (see Figure
4). Section 19211 of the California Health and
Safety Code requires “all new and replacement
water heaters to be braced, anchored, or strapped
to resist falling or horizonta displacement dueto
earthquake motion.” Several commercially
available hardware kits provide areliable means
to restrain water heaters. There are al'so many
suggested techniques using materials readily
available at most hardware stores (e.g., plumber’s
tape, steel conduit, lag screws). Commercially
available hardware kitsto restrain other natural
gas appliances (e.g., stoves, furnaces, clothes
dryers) are less common. These appliances often
can berestrained using brackets and other
common hardware to connect the appliancesto
the floor or wall. In all cases, flexible gas
connections should be used to connect appliances
to the natural gas supply to reduce the likelihood
of damage if movement should occur.

For large, multi-family residences and commercial
or industrial applications, the gas equipment may
be large and include boilers and furnaces. The use
of seismic restraints and flexible connections to
the piping supplying gas to these types of
equipment must be suitable for the application,
which often requires the assistance of a
professional. In addition to restraining the gas
equipment, it may be necessary to strengthen
equipment supports, particularly in the case of
large water heaters supported above the floor.

Restraining natura gas appliances to withstand
earthquakes is not a costly improvement for the
homeowner. Even for customers using larger gas-
fired equipment, the investment in properly
restraining the equipment is far less than the cost
of replacing it.
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Figure 4. Water Heater with Restraint

Restraining natura gas appliances also prevents
damage to the appliances themselves, increasing
the likelihood that homeowners will have fuel for
heat and cooking following an earthquake. One
especially important benefit of securing water
heaters is to ensure the availability of 40 to 50
gallons of drinking water retained in the water
heater.

For the community at large, improving the seismic
performance of natural gas equipment can reduce
the post-earthquake demands for firefighting and
other emergency services. Reduced equipment
damage in commercial and industria facilities can
speed up business recovery following
earthquakes.



7.2

Limiting the Flow of Natural Gas to Customer Facilities

The following sections summarize the methods
available for limiting the flow of natural gasto
buildings or appliances, thereby reducing the
likelihood of a gas-fueled fire following
earthquakes. These methods do not address
elimination of non-gas-related ignition and fuel
sources. These methods apply to the customer-
owned portion of the natural gas supply system.
Many of the actionsthat can be taken to limit the
flow of natural gas require adding hardware
components to the customer’ s gas piping system.
Some require special expertise to assure that
installations are performed in compliance with
exigting codes and regulations, while others can
be done by the homeowner or property owner.
Note: This section does not address potential
safety issues associated with incorrect installation
of the devices.

7.2.1 Manual Valve

Manually turning off gas service to a building or
facility isthe most common method used and can
be highly effective if someone is present to smell
or hear escaping gas. Gas service shutoff valves
areinstaled by the gas utility at al gas meter
locations or “curb” locations if the meter is not
accessible from the outside. To be most effective,
customers should maintain access to the shutoff
valve and keep an adjustable pipe or crescent
wrench nearby. Special “earthquake” wrenches
with fixed<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>